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料之一的 Li[Li0.2Mn0.54Ni0.13Co0.13]O2（x = 0.5）作为研究内容。以改善及提高其电化学性能
为目标, 对材料的合成方法与条件、表面包覆处理技术、不同电解液体系中的电化学性能
及其反应过程，材料结构与性能的关系等开展了深入、系统的研究。 
分 别 采 用 共 沉 淀 法 、 溶 胶 - 凝 胶 法 和 蔗 糖 燃 烧 法 来 合 成 富 锂 正 极 材 料
Li[Li0.2Mn0.54Ni0.13Co0.13]O2，采用 XRD、SEM、BET 和充放电测试考察不同合成方法对材
料的结构、形貌及电化学性能的影响。测试结果表明，燃烧法合成的样品材料比表面积
大，达到 7.4635 m2/g；颗粒粒径 小，大约只有 0.1 μm；锂离子 Li+的扩散路径较短，在
首次充电过程中有利于材料中 Li2MnO3 组分的活化，因此具有较好的倍率性能，在 5.0 C
电流倍率时，材料放电比容量高达 178 mAh/g，然而，其循环性能与溶胶-凝胶法和共沉淀




长，影响了锂离子的可逆嵌/脱过程，因此燃烧法合成的材料在 0.1 C 和 0.5 C 电流倍率时
的循环性能都相对较差。 
为了改善富锂正极材料 Li[Li0.2Mn0.54Ni0.13Co0.13]O2 的电化学性能，对材料进行 AlF3 表
面包覆处理。与原始材料相比，经过 AlF3 表面包覆之后的材料具有较优越的电化学性能。
包覆后的材料首次放电比容量为 267 mAh/g，高于原始材料的 249 mAh/g；首次不可逆容
量损失为 47 mAh/g，低于原始材料的 75.5 mAh/g；经过 AlF3 表面包覆，材料的倍率性能
（室温）和循环性能（在室温和 50oC 测试条件下）均得到明显的改善。在室温下，经 AlF3
包覆的材料 Li[Li0.2Mn0.54Ni0.13Co0.13]O2 以 0.5 C 电流倍率进行充放电循环 80 圈之后的容量
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ii 
料的热稳定性也得到了明显提高。采用电化学阻抗谱（EIS）技术和原位微分电化学质谱
（DEMS）技术对 AlF3 包覆后材料电化学性能改善的机理进行研究，结果表明，AlF3 包覆
层起到缓冲层的作用，在首次充电到高电位过程中，材料脱出的活性氧物种（氧原子或 O-







15 h 合成的材料具有较好的层状结构和较优越的综合电化学性能；颗粒粒径为 0.2~0.3 μm，
颗粒分布较为均匀；在 1.0 C 倍率充放电时，首次放电比容量高达 182 mAh/g，充放电效
率为 68.2%，80 圈循环后的放电比容量为 177 mAh/g，具有较高的容量保持率（97.2%）；























































Synthesis, Surface Coating and Electrochemical Performance of Layered 
Lithium-rich Cathode Material for Li-ion Batteries 
 
Recently, the series solid solutions xLi2MnO3·(1-x)LiNi1/3Co1/3Mn1/3O2 have been 
investigated extensively because of their high capacity, good thermal stability, low cost and 
environmental benignity. One of the promising solid solutions, Li[Li0.2Mn0.54Ni0.13Co0.13]O2 (x = 
0.5), has been intensively investigated in my thesis research. With an aim to enhance and 
improve the electrochemical performance of the cathode material, the synthesis methods and 
conditions, surface coating treatment technology, electrochemical performance and reaction 
process in different electrolyte systems, together with the relationship between material structure 
and performance have been investigated profoundly and systematically. 
Li[Li0.2Mn0.54Ni0.13Co0.13]O2 has been successfully prepared by co-precipitation (CP), 
sol-gel (SG) and sucrose combustion (SC) methods, respectively. The prepared materials were 
characterized by XRD, SEM, BET and electrochemical measurements. The results show that the 
SC-material exhibits the largest surface area (7.4635 m2/g) and the smallest particle size (ca. 0.1 
μm). Due to its short Li+ ion diffusion path, more Li2MnO3 component of SC-material can be 
activated during the first charge. Thus SC-material shows the best rate capability with the highest 
discharge capacity of 178 mAh/g at 5.0 C. However, the large surface area and small particle size 
of SC-electrode result in increasing SEI layer formation because of the increased side reactions 
with the electrolyte during cycling, which deteriorates the electrode/electrolyte interface and thus 
leads to the faster increase of SEI layer resistance and charge transfer resistances than 
SG-material and CP-material. That is also why the cycling stability of SC-material tested at 0.1 
and 0.5 C is relatively poor as compared to that of SG-material and CP-material.  
Li[Li0.2Mn0.54Ni0.13Co0.13]O2 has been surface coated with AlF3 to improve its 
electrochemical performance. The AlF3-coated Li[Li0.2Mn0.54Ni0.13Co0.13]O2 shows higher initial 















compared to 249 and 75.5 mAh/g for pristine material, respectively. The AlF3-coated material 
also exhibits better rate capability and cycling performance, which has higher capacity retention 
of 87.9% after 80 cycles at 0.5 C rate at room temperature in comparison with that of only 67.8% 
for pristine one. Meanwhile, the AlF3-coated material also shows better thermal stability at 
charged state of 4.8 V in comparison with pristine one. The functional mechanism of AlF3 
coating on the performance of Li[Li0.2Ni0.13Mn0.54Co0.13]O2 was investigated by electrochemical 
impedance spectroscopy (EIS) and In-situ Differential Electrochemical Mass Spectrometry 
(DEMS). In-situ DEMS results reveal that the activity of extracted oxygen species from 
Li[Li0.2Mn0.54Ni0.13Co0.13]O2 is greatly reduced and the decomposition of the electrolyte is 
significantly suppressed by AlF3 coating. Therefore, more oxygen molecules rather than carbon 
dioxide are observed in the coated material system. It demonstrates again that AlF3 coating layer 
plays an important role in the stabilization of the electrode/electrolyte interface for the coated 
material. That is why AlF3-coated Li[Li0.2Mn0.54Ni0.13Co0.13]O2 has stable charge transfer 
resistance (Rct) during cycling and shows better electrochemical performance as compared to the 
pristine one. 
The conditions such as sintering time, sintering temperature, lithium sources and ball mill 
medium have been optimized to prepare Li[Li0.2Mn0.54Ni0.13Co0.13]O2 via co-precipitation 
method with inexpensive starting materials. It is found that the material synthesized by sintering 
at 900oC for 15 h exhibits the best electrochemical performances, including high initial discharge 
capacity (182 mAh/g) with coulombic efficiency of 68.2% and good cycling stability in the first 
80 charge/discharge cycles at 1 C rate. The capacity retention of the material is up to 97.2% in 
the initial 80 cycles, but fast capacity fading is observed during the subsequent cycles. Ex-situ 
XRD and EIS techniques were carried out to get insight the reason for fast capacity fading after 
80 cycles. The results reveal that the structural change of the material is not the main reason 
responsible for the fast capacity fading after 80 cycles because the electrode structure turns to be 
stable after several cycles of charge/discharge. As illustrated by EIS results, the main reason is 
due to the side reaction between electrode/electrolyte, which deteriorates the 
electrode/electrolyte interface, leads to the increase of RSEI and Rct resistances and thus results in 
the fast capacity fading during extended cycling. 
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